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1. Introduction 

 

Alloy 600 is widely used in the nozzles of reactor 

pressure vessels and the tubes of steam generators in 

nuclear power plants. However, this material is 

susceptible to stress corrosion cracking (SCC) when 

exposed to a primary coolant environment involving 

high temperatures and pressures. The first case of 

primary water stress corrosion cracking (PWSCC) in 

Alloy 600 was reported in France in 1991 [1]. Therefore, 

enhancing the SCC resistance of the material is crucial 

for extending the service life and reliability of nuclear 

components, thereby ensuring the safe operation of 

nuclear power plants [2]. Surface stress modification is 

considered one of the effective approaches to mitigate 

PWSCC. Underwater laser peening (ULP) is an 

advanced surface treatment technique, in which laser 

irradiation induces the formation of high-temperature 

and high-pressure plasma on the material surface. The 

rapid expansion of plasma generates compressive 

loading, leading to plastic deformation and the 

introduction of compressive residual stresses (CRS) [3]. 

Compared with conventional shot peening techniques, 

ULP can generate a much deeper CRS field (greater 

than 1 mm), while providing excellent controllability 

and eliminating the risk of introducing foreign 

substances into the reactor. After ULP treatment, 

surface roughness, grain structure, and residual stress 

distribution undergo significant modifications, which in 

turn affect the corrosion behavior. Hence, it is necessary 

to systematically investigate the influence of ULP-

induced surface changes on the corrosion behavior of 

Alloy 600. 

In this study, Alloy 600 specimens were treated with 

ULP, and the resulting changes in surface morphology, 

roughness, hardness, residual stress, and microstructure 

were systematically analyzed. Subsequently, the 

specimens were exposed to a 3.5 wt.% NaCl solution 

for electrochemical testing. The electrochemical 

behavior of the alloy in the chloride-containing 

environment was evaluated by electrochemical 

impedance spectroscopy (EIS) and potentiodynamic 

polarization test. 

 

2. Experimental Method 

 

The chemical composition of the Alloy 600 used in 

this study was analyzed, and the results showed that it 

contained 73.8% Ni, 16.1% Cr, 9% Fe, 0.2% Mn, 

0.01% Nb, 0.29% Si, 0.19% Ti, and 0.07% C. Plate 

specimens, as shown in Figure 1, were subjected to 

single and double ULP treatments over a central area of 

25 mm × 25 mm. To simulate the surface condition of 

actual components, the specimen surfaces were 

pretreated by heavy grinding (HG) prior to ULP. 

Surface morphology was observed using optical 

microscopy. The residual stress depth profiles were 

measured using the hole-drilling method. The 

microstructural characteristics were analyzed by EBSD. 

Electrochemical tests were conducted in a 3.5 wt.% 

NaCl solution using a conventional three-electrode cell. 

After the open circuit potential (OCP) stabilized, 

electrochemical impedance spectroscopy (EIS) and 

potentiodynamic polarization measurements were 

performed. 

 

 
 

Fig. 1. Schematic of treatment specimen surface. x 

direction: grinding and peening process direction, y 

direction: treatments step direction. 

 

3. Results 

 

3.1 Surface Roughness and Residual Stress 

 

The surface roughness of the specimens before and 

after ULP treatment is shown in Figure 2. The surface 

roughness increased after ULP treatment and further 

increased with the number of treatments. Figure 3 

presents the depth profiles of compressive residual 

stress before and after ULP. It is evident that ULP 

treatment induced a CRS field extending to a depth of at 

least 1 mm. Within the near-surface region (up to 0.2 
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mm), the specimen subjected to a single ULP treatment 

exhibited higher compressive residual stress.  

 

 
 

Fig. 2. Surface roughness measurement results after 

ULP treatment. 

 

 
 
Fig. 3. Measurement results of compressive residual 

stress at a depth of 1 mm near the surface after ULP 

treatment. 

 
3.2 Microstructure 

 

The grain structures of different treated surfaces are 

shown in Figure 4. Plastic deformation induced by HG 

resulted in grain refinement from the nanometer to the 

micrometer scale. However, no significant grain 

refinement was observed on the ULP-treated surfaces. 

This is attributed to surface removal caused by laser 

ablation and the action of high-temperature, high-

pressure plasma, a phenomenon that has also been 

reported in previous studies. After two successive ULP 

treatments, plastic strain accumulation at the surface led 

to the refinement of larger grains to the micrometer 

scale. 

 

 
 

Fig. 4. Cross-section EBSD analysis results after ULP 

treatment. 

 

3.3 Electrochemical test 

 

Figure 5 shows the polarization curve of the HG 

surface. The corrosion potential is approximately −200 

mV, with a corresponding corrosion current density of 

about 10⁻⁸ A/cm². A passive region is observed up to 

~+200 mV, beyond which the passive current density 

gradually increases, indicating a decrease in film 

stability at higher anodic potentials. The polarization 

behavior of the ULP-treated surface is currently under 

investigation. 

 

 
 

Fig. 5. Potentiodynamic polarization results of Alloy 

600 after HG treatment. 

 

4. Conclusions and Future Work 

 

In this study, single and double ULP treatments were 

applied to Alloy 600, and the effects on surface 

roughness, residual stress, and microstructure were 
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analyzed. The main conclusions are summarized as 

follows: 

ULP treatment introduced a CRS field extending to at 

least 1 mm in depth on the surface of Alloy 600, which 

is beneficial for mitigating SCC. 

Increasing the number of treatments had no 

significant effect on the depth of compressive residual 

stress, but it led to higher surface roughness and 

induced grain refinement after double treatment. 

Future work will focus on conducting EIS and 

potentiodynamic polarization tests to further clarify the 

effect of surface modifications on the corrosion 

behavior of Alloy 600. 
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